Abstract
Fig. 1 Human pulmonary vein. Immunohistochemistry shows CD117/c-kit positive interstitial cells that create a string between the myocardial sleeve and pulmonary vein wall (arrows). Mayer's haematoxylin counterstain.
presumed to exist in the heart almost 100 years ago [1] , the presence of cells similar to them, the so-called interstitial Cajallike cells (ICLC) , in the human myocardium was demonstrated by transmission electron microscopy 2 years ago [4] [5] [6] [7] .
It is well accepted that bursts of spontaneous activity in the myocardial sleeves (MS) of the pulmonary veins (PV) can initiate atrial fibrillation [8] [9] [10] [11] [12] . Circumferential pulmonary vein ablation provides better recurrence-free survival than antiarrhythmic drug therapy [11] and this substantiates the existence of a structural link between the atrium and PV responsible for atrial fibrillation initiation. In this context, we presumed that the atrial network of ICLC [4, 6] [6] . Small tissue samples were processed for transmission electron microscopy (TEM) as previously described [4] [5] [6] [7] (Fig. 1) . Isolated ICLC have been observed among myocardial bundles (Fig. 1) . TEM analysis showed that these cells fulfil ultrastructural diagnostic criteria for ICLC [2, 5, 6] : (i ) location in the connective interstitium (Figs. 3-6) ; (ii ) characteristic long (several tens of m), thin and moniliform cell processes (Figs. 3-6) ; (iii ) close vicinity to nerves (Fig. 6 ) and blood vessels (Figs. 5 and 6) ; (iv ) specialized cell-to-cell junctions; (v ) caveolae (Fig. 4 inset) (vii ) intermediate (Fig. 4 inset) and thin filaments, microtubules and undetectable thick filaments.
Light microscopy of semithin sections stained with toluidine blue showed that interstitial cells with (very) long and thin processes are located among myocardial cells (Fig. 2A) and in between the MS and PV wall (Fig. 2B). We would like to emphasize that (as far
Ultrastructural analysis of the MS showed that, like in the atrium [4, 6] (Figs. 1 and 4 ). An incomplete cellular sheath formed by the overlapping ICLC processes seems to border the internal surface of MS and separate it from the PV wall (Fig. 4) .
, ICLC connect with each other in an interstitial three-dimensional network and run around blood vessels, nerves, and myocardial cells with different orientations (Figs. 3 and 5). One of the most intriguing aspects is that the ICLC were preferentially located at the internal limit of the MS, parallel with the long axis of the PV
We observed that ICLC have a special relationship with nerve fibres in the atrial sleeves of the PV (Fig. 6) . The distance between ICLC and nerves was often less than 100 nm (Fig. 6) junctional structures) and attachment plaques connecting ICLC to the extracellular matrix (Fig. 5) .
Ectopic beats appear to originate from the myocardial sleeves of the pulmonary veins, which are source of arrhythmogenic activity involved in the initiation of atrial fibrillation [11, 12] . In this context, it is essential to point out that interstitial cells identical with ICLC described in atrium [4, 6] or ventriculum [5] 
